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Development of functionalized hydrogels and analysis of silica surface treatment 
 
This thesis describes the study about the relationship between polymer structures and 
polymer properties. Several polymers bearing different main chain based on the 
polyethylene oxide were synthesized and I observed their thermal responsiveness. 
Furthermore, hydrogels were functionalized by using new polymer architecture. I 
synthesized triblock polymers with LCST-property units in end block structure. The 
synthesized triblock polymers were able to become temperature responsive polymeric 
hydrogels. In addition, I synthesized polymers having different chemical bond (ionic 
and hydrophobic interaction) in polymer backbone. I revealed that the elastic modulus 
could be controlled for hydrogels using functionalized polymers. In addition, the 
reactivity of phenyl silane coupling agents to silica fillers was investigated for the basic 
research for the development of enhanced hydrogel elastic modulus. 
I describe the technical background of this study and research motivation in chapter 1. 
In chapter 2, in order to reveal the relationship between polymer structures and 
polymer properties based on the polyethylene oxide backbone, I synthesized several 
polymers and observed their thermal response. And I developed a new versatile 
platform to precisely tune the lower critical solution temperature (LCST) of 
poly(ethylene glycol-co-ally glycidyl ether) (PEG-co-PAGE) copolymers. Facile 
thiol-ene functionalization of the pendant allyl groups with n-alkane thiols allows the 
accurate adjustment of the LCST by varying the length of the n-alkane chain. Increasing 
the number of n-alkane carbons from zero (i.e. unreacted AGE units) to eight (i.e. 
functionalization with 1-octanethiol) results in a decrease of LCST from 93.8 °C to 
18.8 °C. 
Next, in chapter 3, in order to apply P(EO-co-AGE)-b-PEO-b-P(EO-co-AGE) 
functionalized with n-alkane thiol for temperature responsive polymeric hydrogels, I 
synthesized the triblock polymers and observed the polymer characteristics by the 
measurement of UV/vis transmittance, rheological properties, and SAXS. The results 
showed that P(EO-co-AGE)-b-PEO-b-P(EO-co-AGE) with 12.0 mol% AGE contents in 
each end block and functionalized with 1-hexanethiol has LCST (52 ˚C) and is able to 
become hydrogels at the temperature above LCST. SAXS analysis revealed that 
hydrophobic interaction existing between polymers controlled hydrogel formation at the 
temperature above LCST. 
In chapter 4, in order to control hydrogel elastic modulus, I applied a strategy of the 
formation of diblock polymer with sulfonate based on P(S-b-AGE), and triblock 
polymer with guanidinium based on P(AGE-b-EO-b-AGE). The key of this strategy is 
mixing ionic and hydrophobic interaction in hydrogel. A combination of the interactions 
realized the hydrogel with an ability of self-standing shape. Furthermore, the hydrogel 
has high elastic modulus under the rich negative ionic charge circumstances. 
In chapter 5, I found that the combination of PAGE functionalization with both ionic 
and n-alkane pendant groups, and triblock polymers functionalized with counter ionic 
units can control the physical property of hydrogels by varying the length of the 
n-alkane chain and the ratio of modified n-alkanethiol. 
In chapter 6, in part of the basic research for enhanced hydrogel elastic modulus, I 
focused on the silane coupling agents because interaction between filler and polymer is 
important for the improvement of materials features. Therefore, I intend to compare the 
reactivity quantitatively and perform the reaction analysis of silane coupling agents to 
the surface of inorganic filler. By using UV, FT-IR, and XPS, I have investigated various 
analytical methods to find the most useful method to compare the modification quantity 
of the silane coupling agents. The result I found was that quantitative comparison is 
possible with XPS measurement and I found the effective modified method on silica 
filler surface. 
With the results shown in this thesis, I could achieve development of functional 
materials, and future application to the industrial usage and drag delivery system can be 
expected. 
  
